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TITLE OF THE INVENTION 

Special Effect Device, Address Signal Generating Device, Address Signal 
Generating Method and Address Signal Generating Program 
BACKGROUND OF THE INVENTION 
Field of the invention 

This invention relates to a special picture effect and, more particularly, to a 
special effect device for executing the special picture effect using a read address 
control system. This invention also relates to an address signal generating device, 
an address signal generating method and an address signal generating program. 

This application claims priority of Japanese Patent Application 
No.2003-1 02350 filed in Japan on April 4, 2003, the entirety of which is 
incorporated by reference herein. 
Description of Related Art 

A read address control system, in which a special picture effect is applied to 
picture signals stored in a frame memory by converting the readout address 
(address at the time of readout) and reading out the resulting address to apply a 
special picture effect to the picture signals, has been devised and put to practical 
use (see for example the Japanese Laying-Open Patent Publication HI 0-1 45672). 

This read address control system has been devised and put to practical use 
only with respect to an extremely simple special picture effect, such as enlargement, 
contraction, rotation or displacement of pictures. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a special effect 
device, an address signal generating device, an address signal generating method 
and an address signal generating program, which execute an entirely new special 
picture effect with the use of the aforementioned read address system. 

In one aspect, the present invention provides a special effect device in 
which picture signals are read out from a frame buffer based on an address signal to 
impart a desired special effect to the picture signals read out from the frame buffer, 
in which the special effect device comprises address signal generating means for 
generating a readout address signal for the picture signals stored in the frame buffer 
so that, by flipping a picture, ruptured with an optional position of a picture, 
corresponding to the picture signals stored in the frame buffer, as a rupture point, 
for extending along a curve formed by an arc of a circle of a radius of an optional 
size, defined on a second virtual plane perpendicular to a first virtual plane to 
which belongs the picture, and by moving, after the picture corresponding to the 
rupture point has reached a height of the diameter of the circle on the second virtual 
plane, the picture corresponding to the rupture point along a plane parallel to the 
first virtual plane, such a special effect will be obtained in which the picture on the 
first virtual plane is peeled off sequentially radially along the arc about the optional 
position as center so as to disappear to outside a display area. 

In another aspect, the present invention provides an address signal 
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generating device for generating an address signal for reading out picture signals 
from a frame buffer, in which the address signal generating device comprises 
address signal generating means for generating a readout address signal for the 
picture signals stored in the frame buffer so that, by flipping a picture, ruptured 
with an optional position of a picture, corresponding to the picture signals stored in 
the frame buffer, as a rupture point, for extending along a curve formed by an arc of 
a circle of a radius of an optional size, defined on a second virtual plane 
perpendicular to a first virtual plane to which belongs the picture, and by moving, 
after the picture corresponding to the rupture point has reached a height of the 
diameter of the circle on the second virtual plane, the picture corresponding to the 
rupture point along a plane parallel to the first virtual plane, such a special effect 
will be obtained in which the picture on the first virtual plane is peeled off 
sequentially radially along the arc, about the optional position as center, so as to 
disappear to outside a display area. 

In still another aspect, the present invention provides an address signal 
generating method for generating an address signal for reading out picture signals 
from a frame buffer, in which the address signal generating method comprises an 
address signal generating step of generating a readout address signal for the picture 
signals stored in the frame buffer so that, by flipping a picture, ruptured with an 
optional position of a picture, corresponding to the picture signals stored in the 
frame buffer, as a rupture point, for extending along a curve formed by an arc of a 
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circle of a radius of an optional size, defined on a second virtual plane 
perpendicular to a first virtual plane to which belongs the picture, and by moving, 
after the picture corresponding to the rupture point has reached a height of the 
diameter of the circle on the second virtual plane, the picture corresponding to the 
rupture point along a plane parallel to the first virtual plane, such a special effect 
will be obtained in which the picture on the first virtual plane is peeled off 
sequentially radially along the arc, about the optional position as center, so as to 
disappear to outside a display area. 

In still another aspect, the present invention provides an address signal 
generating program for having a computer execute a process of generating an 
address signal for reading out picture signals from a frame buffer, in which the 
process comprises an address signal generating step of generating a readout address 
signal for the picture signals stored in the frame buffer so that, by flipping a picture, 
ruptured with an optional position of a picture corresponding to the picture signals 
stored in the frame buffer as a rupture point, for extending along a curve formed by 
an arc of a circle of a radius of an optional size, defined on a second virtual plane 
perpendicular to a first virtual plane to which belongs the picture, and by moving, 
after the picture corresponding to the rupture point has reached a height of the 
diameter of the circle on the second virtual plane, the picture corresponding to the 
rupture point along a plane parallel to the first virtual plane, such a special effect 
will be obtained in which the picture on the first virtual plane is peeled off 



4 



t) > t 

sequentially radially along the arc, about the optional position as center, so as to 
disappear to outside a display area. 

In still another aspect, the present invention provides a special effect device 
in which picture signals are read out from a frame buffer based on an address signal 
to impart a desired special effect to the picture signals read out from the frame 
buffer. The special effect device comprises address signal generating means for 
generating a readout address signal for the picture signals stored in the frame buffer 
so that, by flipping a picture, ruptured with an optional position of a picture, 
corresponding to the picture signals stored in the frame buffer, as a rupture point, 
for extending along a curve formed by an arc of a circle of a radius of an optional 
size, defined on a second virtual plane perpendicular to a first virtual plane to 
which belongs the picture, and by moving, after the picture corresponding to the 
rupture point has reached a height of the diameter of the circle on the second virtual 
plane, the picture corresponding to the rupture point as if the picture corresponding 
to the rupture point is rolled along the other arc, such a special effect will be 
obtained in which the picture on the first virtual plane is peeled off sequentially 
radially along the arc, about the optional position as center, so as to disappear to 
outside a display area. 

In a still another aspect, the present invention provides an address signal 
generating device for generating an address signal from a frame buffer, in which 
the address signal generating device comprises address signal generating means for 
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generating readout address signals for the picture signals stored in the frame buffer 
so that, by flipping a picture, ruptured with an optional position of a picture, 
corresponding to the picture signals stored in the frame buffer. As a rupture point, 
for extending along a curve formed by an arc of a circle of a radius of an optional 
size, defined on a second virtual plane perpendicular to a first virtual plane to 
which belongs the picture, and by moving, after the picture corresponding to the 
rupture point has reached a height of the diameter of the circle on the second virtual 
plane, the picture corresponding to the rupture point as if the picture corresponding 
to the rupture point is rolled along the other arc, such a special effect will be 
obtained in which the picture on the first virtual plane is peeled off sequentially 
radially along the arc, about the optional position as center, so as to disappear to 
outside a display area. 

In still another aspect, the present invention provides an address signal 
generating method for generating an address signal from a frame buffer, in which 
the special effect method comprises an address signal generating step of generating 
readout address signals for the picture signals stored in the frame buffer so that, by 
flipping a picture, ruptured with an optional position of a picture, corresponding to 
the picture signals stored in the frame buffer, as a rupture point, for extending along 
a curve formed by an arc of a circle of a radius of an optional size, defined on a 
second virtual plane perpendicular to a first virtual plane to which belongs the 
picture, and by moving, after the picture corresponding to the rupture point has 
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reached a height of the diameter of the circle on the second virtual plane, the 
picture corresponding to the rupture point as if the picture corresponding to the 
rupture point is rolled along the other arc, such a special effect will be obtained in 
which the picture on the first virtual plane is peeled off sequentially radially along 
the arc, about the optional position as center, so as to disappear to outside a display 
area. 

In still another aspect, the present invention provides an address signal 
generating program for having a computer execute a process of generating an 
address signal for reading out picture signals from a frame buffer, in which the 
process comprises an address signal generating process of generating readout 
address signals for the picture signals stored in the frame buffer so that, by flipping 
a picture, ruptured with an optional position of a picture, corresponding to the 
picture signals stored in the frame buffer, as a rupture point, for extending along a 
curve formed by an arc of a circle of a radius of an optional size, defined on a 
second virtual plane perpendicular to a first virtual plane to which belongs the 
picture, and by moving, after the picture corresponding to the rupture point has 
reached a height of the diameter of the circle on the second virtual plane, the 
picture corresponding to the rupture point as if the picture corresponding to the 
rupture point is rolled along the other arc, such a special effect will be obtained in 
which the picture on the first virtual plane is peeled off sequentially radially along 
the arc, about the optional position as center, so as to disappear to outside a display 
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area. 

In still another aspect, the present invention provides a special effect device 
in which picture signals are read out from a frame buffer based on an address signal 
to impart a desired special effect to the picture signals read out from the frame 
buffer. The special effect device comprises address signal generating means for 
generating a readout address signal for the picture signals stored in the frame buffer 
so that a figure corresponding to a picture stored in the frame buffer folded n times 
from an end of the picture with a straight line(s) defined at an optional position of 
the picture stored in the frame buffer for dividing the picture into n portions, as a 
folding boundary line(s), will be produced, where n is a natural number. 

In still another aspect, the present invention provides an address signal 
generating device for generating an address signal for reading out picture signals 
from a frame buffer, in which the address signal generating device comprises 
address signal generating means for generating a readout address signal for the 
picture signals stored in the frame buffer so that a figure corresponding to a picture 
stored in the frame buffer folded n times from an end of the picture with a straight 
line(s) defined at an optional position of the picture stored in the frame buffer for 
dividing the picture into n portions, as a folding boundary line(s), will be produced, 
where n is a natural number. 

In still another aspect, the present invention provides an address signal 
generating method for generating an address signal for reading out picture signals 
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from a frame buffer, in which the address signal generating method comprises an 
address signal generating step of generating a readout address signal for the picture 
signals stored in the frame buffer so that a figure corresponding to a picture stored 
in the frame buffer folded n times from an end of the picture with a straight line(s) 
defined at an optional position of the picture stored in the frame buffer for dividing 
the picture into n portions, as a folding boundary line(s), will be produced, where n 
is a natural number. 

In yet another aspect, the present invention provides an address signal 
generating program for having a computer execute a process of generating an 
address signal for reading out picture signals from a frame buffer, in which the 
process comprises an address signal generating process of generating readout 
address signals for the picture signals stored in the frame buffer so that a figure 
corresponding to a picture stored in the frame buffer folded n times from an end of 
the picture with a straight line(s) defined at an optional position of the picture 
stored in the frame buffer for dividing the picture into n portions, as a folding 
boundary line(s), will be produced, where n is a natural number. 

According to the present invention, as described above, the address signal 
generating means generates a readout address signal for the picture signals stored in 
the frame buffer, so that, by flipping a picture, ruptured with an optional position of 
a picture, corresponding to the picture signals stored in the frame buffer, as a 
rupture point, for extending along a curve formed by an arc of a circle of a radius of 
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an optional size, defined on a second virtual plane perpendicular to a first virtual 
plane to which belongs the picture, and by moving, after the picture corresponding 
to the rupture point has reached a height of the diameter of the circle on the second 
virtual plane, the picture corresponding to the rupture point along a plane parallel to 
the first virtual plane, such a special effect will be obtained in which the picture on 
the first virtual plane is peeled off sequentially radially along the arc, about the 
optional position as center, so as to disappear to outside a display area, whereby an 
entirely new special picture effect may be achieved. 

According to the present invention, as described above, address signal 
generating means generates a readout address signal for the picture signals stored in 
the frame buffer so that, by flipping a picture, ruptured with an optional position of 
a picture, corresponding to the picture signals stored in the frame buffer, as a 
rupture point, for extending along a curve formed by an arc of a circle of a radius of 
an optional size, defined on a second virtual plane perpendicular to a first virtual 
plane to which belongs the picture, and by moving, after the picture corresponding 
to the rupture point has reached a height of the diameter of the circle on the second 
virtual plane, the picture corresponding to the rupture point as if the picture 
corresponding to the rupture point is rolled along the other arc, such a special effect 
will be obtained in which the picture on the first virtual plane is peeled off 
sequentially radially along the arc, about the optional position as center, so as to 
disappear to outside a display area, whereby an entirely new special picture effect 
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may be achieved. 

According to the present invention, as described above, address signal 
generating means generates a readout address signal for the picture signals stored in 
the frame buffer so that a figure corresponding to a picture stored in the frame 
buffer folded n times from an end of the picture with a straight line(s) defined at an 
optional position of the picture stored in the frame buffer for dividing the picture 
into n portions, as a folding boundary line(s), will be produced, where n is a natural 
number. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l illustrates the structure of a special picture effect device embodying 
the present invention. 

Fig. 2 shows a specified example for illustrating a read address control 
system as used in the special picture effect device. 

Fig. 3 shows an example of a picture obtained on applying a flipping effect 
by the special picture effect device. 

Fig. 4 illustrates the flipping effect. 

Fig. 5 shows parameters supplied to the read address generator in carrying 
out the flipping effect. 

Fig. 6 illustrates polar coordinate transformation in the flipping effect. 
Fig. 7 illustrates address conversion in the flipping effect. 
Fig.8 illustrates a range of F. 
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Fig.9 shows a first specified example for illustrating t r . 
Fig. 10 shows a second specified example for illustrating t r . 
Fig. 11 illustrates address transformation. 

Fig. 12 illustrates a shadow formed in a first area in a flipping effect. 

Fig. 13 illustrates a shadow formed in a second area in a flipping effect. 

Fig. 14 illustrates a shadow formed in a third area in a flipping effect. 

Fig. 15 illustrates the hardware structure of a read address generator for 
realizing the flipping effect. 

Fig. 16 illustrates an example to which a tubular flipping effect has been 
applied by the special picture effect. 

Fig. 17 illustrates the tubular flipping effect. 

Fig. 18 illustrates parameters supplied to the read address generator when 
carrying out the tubular flipping effect. 

Fig. 19 illustrates polar coordinate transformation in the tubular flipping 

effect. 

Fig. 20 illustrates address conversion in the tubular flipping effect. 

Fig.21 illustrates a shadow formed in a first area in the tubular flipping 

effect. 

Fig.22 illustrates a shadow formed in a second area in the tubular flipping 

effect. 

Fig. 23 illustrates a shadow formed in a third area in the tubular flipping 
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effect. 

Fig.24 illustrates a shadow formed in a fourth area in the tubular flipping 

effect. 

Fig.25 shows an example of a picture subjected to a folding effect by the 
special picture effect. 

Fig.26 shows parameters supplied to a read address generator in carrying 
out the folding effect. 

Fig.27 shows a first range of the OverSide in one folding. 

Fig.28 shows a first range of the UnderSide in one folding. 

Fig.29 shows a second range of the OverSide in one folding. 

Fig. 30 shows a second range of the UnderSide in one folding. 

Fig.31 illustrates a hardware structure of a read address generator for 
realizing the flipping effect. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring to the drawings, a special effect device, an address signal 
generating device, an address signal generating method and an address signal 
generating program are now explained in detail. 

Referring first to Fig.l, the structure of a special picture effect device, 
embodying the present invention, is explained. The special picture effect device 1 is 
a device supplied with digitized video signals to issue an output so that a preset 
special picture effect will be obtained. The special picture effect device 1 employs a 
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read address control system as a system for applying the special picture effect to the 
input digital video signals. The read address control system is able to change the 
address which is valid in reading out pixel data making up a picture frame to 
achieve a variegated special picture effect. In the following description, the special 
picture effect is referred to simply as a special effect. 

The special picture effect device 1, shown in Fig.l, includes a frame buffer 
2, a read address generator 3, a frame buffer 4 and a picture synthesizing unit 5. 

The frame buffer 2 is a buffer memory for transient storage of the input 
digital video signals on the frame basis. The frame buffer 2 is able to store a plural 
number of frames, depending on the memory capacity. The digital video signals, 
supplied to the frame buffer 2, are given sequential write addresses (X, Y) 
indicating the positions on a frame as the two-dimensional space so as to be then 
stored in the frame buffer 2. That is, the digital video signals, supplied to the frame 
buffer 2, are stored as picture data in addresses (X, Y) in the memory space in the 
frame buffer 2. 

Meanwhile, the write addresses (X, Y) are the same as the addresses (X, Y). 
That is, the write addresses (X, Y) are the addresses used in writing the digital 
video signals in the frame buffer 2 and become the addresses (X, Y) after having 
been written in the frame buffer 2. In the following description, it is assumed that 
frame-based picture data have already been stored in the frame buffer 2, and that 
the addresses in which are stored the picture data are the addresses (X, Y). 
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It is also assumed that the picture data stored in the frame buffer 2 has 
undergone the cropping processing of extracting picture data of an area which 
becomes valid in executing the special effect as later explained. 

The read address generator 3 calculates the read addresses in reading out 
the picture data stored in the frame buffer 2, depending on the type of the special 
effect, in accordance with the read address control system employed in the special 
picture effect device 1 . Using the so calculated read addresses, the read address 
generator 3 reads out the picture data stored in the frame buffer 2 to permit 
outputting of the picture to which the special effect has been applied. 

Specifically, the read address generator 3 converts the sequential read 
addresses (x, y), used in reading out the picture data from the frame buffer 2, into 
the addresses (X, Y) of the picture data stored in the frame buffer 2, by calculations 
employing the parameters which differ with the type of the special effect. The read 
address generator 3 specifies the picture data, stored in the frame buffer 2, with the 
addresses (X, Y) converted from the sequential read addresses (x, y), to permit the 
picture data to be sequentially output in order to output the picture processed with 
the special effect. 

For example, consider a picture frame 6 and a picture frame 7 shown in 
Fig.2. The picture frame 6 is picture data stored in the frame buffer 2. The picture 
frame 7 is picture data read out from the frame buffer 2 such as to produce a special 
effect. That is, the picture frame 6 stored in the frame buffer 2 is read out with the 
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address (X, Y) designated by the read address generator 3 to output the picture 
frame 7 to which the special effect has been applied. 

In case the picture frame 6 and the picture frame 7 are each made up by 
picture data of (4*6) matrix, the picture frame 7 has the read addresses (x, y) 
sequentially designated in the horizontal scanning direction in a sequence of (1, 1) 
component, (1, 2) component and so forth. Responsive to this designation of the 
read addresses (x, y), the read address generator 3 determines the addresses (X, Y) 
of the picture frame 6 stored in the frame buffer 2, using the parameters which 
differ with the type of the special effect, in order to read out the picture data. 

In Fig.2, if, in order to form the picture frame 7, processed with the special 
effect, the read address (1, 1) is specified by the read address generator 3, the 
picture data stored in the address (2, 2) of the picture frame stored in the frame 
buffer 2 is read out. If the read address (1, 2) is specified, the picture data stored in 
the address (1, 3) of the picture frame is read out. 

In this manner, the picture frame 6 stored in the frame buffer 2 is output as 
the picture frame 7, to which the special effect has been applied. 

Thus, the special picture effect device 1, described above, is able to read out 
the picture data, stored in the frame buffer 2, with the address (X, Y) designated by 
the read address generator 3, to permit the outputting of a picture to which the 
special effect has been applied. 

The detailed operation to be performed in the read address generator 3 will 
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be explained later when the special effect is subsequently explained. 

The special picture effect device 1 also includes the frame buffer 4 and the 
picture synthesizing unit 5. Similarly to the frame buffer 2, the frame buffer 4 is a 
buffer for transiently storing picture data on the frame basis. The picture data, 
stored in the frame buffer 4, is output as a picture not processed with the special 
effect, and is synthesized to an output picture from the frame buffer 2 by the picture 
synthesizing unit 5. 

By providing the frame buffer 4 and the picture synthesizing unit 5, such 
outputting is possible in which, in case the output picture from the frame buffer 2, 
processed with the special effect, should disappear from the picture surface, an 
output picture from the frame buffer 4 appears on the background. An efficacious 
technique may be realized in case it is desirable to emphasize a scene change by the 
special effect. 

There are plural special effects realized by the special picture effect device 
1, as now explained in detail. 

The special effects, that may be realized with the special picture effect 
device 1, may be enumerated by 1) a flipping effect, 2) a tubular flipping effect and 
3) a folding effect. These special effects are now respectively explained. 
1. Flipping Effect 

The flipping effect is such a special effect in which a picture is flipped as if 
it is peeled off from the underground as from a point of rupturing the picture to 
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cause the background to appear as it is read out from the frame buffer 4, as shown 
in Fig.3. 

If the picture subjected to the flipping effect, having the start point of the 
picture (rupturing point) as a point of origin, is shown as in Fig.4a, the virtual 
cross-section is as shown in Fig.4b. The flipping effect is such an effect in which 
the picture is flipped to form a circle having a radius (fixRadius * picture height H) 
as a radius, in a virtual cross-sectional view, and in which, after getting to the 
height of the diameter of the circle, the picture is uplifted and flipped along the 
tangential line of the circle and along arrows A and B, as shown in Fig.4b. The 
uplifted and flipped picture is the OverSide, with the unflipped picture being an 
UnderSide. 

The parameters used in the flipping effect shown in Fig. 5 are now 
explained. In the flipping effect, the parameters showing the picture movement and 
the parameters for setting the light source and the color in illuminating the picture 
are used. First, the parameters pertinent to the picture movement are explained. The 
parameters used in causing movement of the picture are fixRadius, fixCenter and 
trans. The parameters fixCenterX and the fixCenter Y are used in determining the 
coordinate axes of the picture. When both are zero, which is a default, the center of 
the picture is the point of origin, such that the picture is flipped from the point of 
origin. The parameter fixRadius determines the ratio of the radius of the circle. The 
maximum value of the radius of the circle, that is, the radius when fixRadius = 1, is 
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the picture height H. 
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A parameter trans is a parameter containing the time element which accords 
the quantity of movement of a picture to be moved. If the parameter value is 0 or 1, 
the picture is not moved at all or disappears from the picture surface, respectively. 

Specifically, the parameter trans is defined so that trans = (number of 
frames that took place as from the starting frame of the processing)/ (total number 
of frames processed). For example, if it is desired to switch from the picture A to 

the picture B in e.g. a time of 30 frames, the values of trans = 0/30, 1/30, 2/30, , 

29/30, 30/30 are received sequentially to carry out the processing on the frame^ 
basis. 

The parameters used for setting the light source and the color in 
illuminating the picture are explained. The parameter fixLightAngle is used for 
setting the angle of incidence of the light source to the picture. A parameter 
fixDiffuseLight Ratio is used for setting the intensity of the light source, a 
parameter fixReverseHighlight is used for setting the highlight quantity of the 
flipped picture, a parameter fixReverseSmoothness is used for setting the diffusion 
of reflection of the flipped picture, a fixMatteRatio is used for setting how much 
light is transmitted through the flipped picture, a parameter vMatteColor is used for 
setting the color of the flipped picture, and vLightColor is used for setting the color 
of the light source. 

When the sequential read address (x, y) is set for the read address generator 
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3, the address (X, Y) of the picture data, read out from the frame buffer 2, is found 
on conversion by the following process: 

First, using the equation (1-1): 

xO = x - cx 
yO = y - cy 

(1-D 

the conversion for setting the picture flipping point as the point of origin is carried 
out to set the read address (x, y) to the address (xO, yO). 
Then, using the equation (1-2): 



r = ^xO 2 + yO 2 
'yO 



0 = arctan 



xO 



(1-2) 

the rectangular coordinate system is transformed into the polar coordinate system. 

This converts the address (xO, yO) to the address (r, 0), as shown in Fig.6. 

The address (r, 0) of the OverSide of the picture is then converted into the 
address (R, 0), as shown in Fig. 7, by the following equation (1-3): 

R = f,(r) 
0 = 0 

(1-3) 

while the address (r, 0) of the UnderSide of the picture is then converted into the 
address (R, 0), as shown in Fig.7, by the following equation (1-4): 
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R = f 2 (r) 

e = e 



(1-4). 



Meanwhile, the function fi(r) in the equation (1-3) and the function f 2 (r) in 
the equation (1-4) are represented by the equations (1-5): 



f,(r)- 



Max 

t, - radius * 



(0<r < t r - radius) 



* • ( 
;r + arcsin — 

I radius 



(t r - radius < r < t r ) 
2 x t r -radius x ^-r (t r ^r) 

(1-5) 

where 

t r = trans x (radius + maximum value of the distance from the center to each apex 
point) 

radius = fixRadius* picture height 
and by the equations (1-6): 



f 2 (r) = 



Max 

t r - radius * arcsinl 



radius 



(0<r < t r - radius) 
(t r - radius < r < t r ) 
Mr) 



(1-6) 

where 

t r = trans x (radius + maximum value of the distance from the center to each apex 
point) 
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radius = fixRadius* picture height, respectively. 

In the equations (1-5) and (1-6), Max indicates that it is designating an 
address other than the picture that may be designated by the address (X0 5 YO). For 
example, if Max designates the address where there is stored as blue picture stored 
in the frame buffer 2, another picture may readily be synthesized to an area which 
has become the aforementioned Max, using the above picture as a key signal. 

On the other hand, if the picture is flipped, the result is as shown in Fig. 8, 
so that the functions fi(r) and f 2 (r), shown in the equations (1-5) and (1-6), 
respectively, use the equations which differ with the range of r. It is noted that tr 
denotes a distance of flipping a picture such that, with trans = 1.0, the picture 
disappears from the picture surface. For example, if, with the picture width and the 
picture height are W and H, respectively, (fixCenterX, fixCenterY) - (0.0, 0.0), that 
is, the point of origin is at the center of the picture, t r is as shown below (see Fig.9). 
At this time, t r may be found by the following equation (1-7): 



If (fixCenterX, fixCenterY) = (1.0, 1.0), that is, if the point of origin is at 
the center of the picture, t r is as shown below (see Fig. 10). At this time, t r may be 
found by the following equation (1-8): 



t r = trans * [radius + V(0.5W) 2 + (0.5H) 2 




(1-7). 
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t = trans x (radius + Vw 2 +H 2 ) 

(1-8). 

The address (R, 0), obtained on rotation, then is converted the polar 

coordinate system to the address (XO, YO) of the rectangular coordinate system, 

using the equation (1-9): 

XO = R cos0 
YO = R sin © 

(1-9). 

Since the address (X0 ? YO) is an address in case the flipping point of the 

picture is the point of origin in the rectangular coordinate system, the address (X, 

Y) in case the picture flipping point has been moved to (cx, cy) is found, using the 

equation (1-10): 

X = X0 + cx 
Y = YO + cy 

(1-10). 

In this manner, the read address generator 3 converts the read address (x, y) 
to the address (X, Y) of the picture data stored in the frame buffer 2. 

The position where the shadow is cast in the flipping effect is explained. 
Since the flipping effect is a special effect in which a picture is flipped and moved 
on the two-dimensional plane, the presence of a shadow created by an imaginary 
light source may further be taken into account to represent a more realistic flipping 
effect. 
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If the angle of light incidence is 0 and the coordinate of an end of a shadow 
is r S hadow, the shadow is changed in the following manner with the degree of the 
picture flipping 9. Meanwhile, with 0 <0<7C 3 0 = t/radius. 

(1) WithO<G<0 

There is no shadow cast, as shown in Fig.ll. 

(2) With 2o <0< 20 

A shadow is cast on a curved surface, as shown in Fig. 12, and r sha dow may 
be found using the equation (1-11): 

r shad OW =t r ~ radius * sin a 

= t r - radius * sin (2<p - 6) 

(1-11). 

(3) With 20 <0<7T 

A shadow of a curved surface is cast on a plane, as shown in Fig. 13, and 
^shadow may be found using the equation (1-12): 



Shadow - t r + radius 



^l-cos0 . ^ 



(1-12). 

(4) With 7i<0 

A shadow of a planar surface is cast on a plane, as shown in Fig. 14, and 
r S hadow may be found using the equation (1-13): 
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( 2 } 

r S hadcw = 2*t r + radius —n 

^tan<p ) 

(1-13). 

Thus, if, in the flipping effect, the position of the shadow is calculated, 
depending on the degree of flipping of the picture, it is possible to represent a more 
realistic flipping effect. 

The hardware structure of the read address generator 3 in carrying out the 
flipping effect is now explained with reference to Fig. 15. 

The read address generator 3 includes plural modules, such as an 
adder^nultiplier and a polar coordinate to rectangular coordinate converter, and 
executes the above calculations, based on the combination of these modules. 

In executing the flipping effect, LUTs (lookup tables) 41 to 44, an 
ADAMX (Over) 31, an ADAMX (Under) 32, an AD AMY (Over) 33 an AD AMY 
(Under) 34 and a polar converter 51, are used, as shown in Fig. 15. 

The LUTs 41 to 44 are RAM (random access memory) tables, referred to by 
an address designated by cross-points indicated by diamond-shaped marks in the 
drawing. The data are set by a central processing unit (CPU), not shown. In the 
LUTs 41 to 44, cos8, sin9, fi(r) of the equation (1-5) and f 2 (r) of the equation (1-6) 
are set, respectively, by the central processing unit (CPU), not shown. 

The ADAMX (Over) 31, AD AMY (Under) 32, AD AMY (Over) 33 and the 
ADAMY (Under) 34 are each provided with terminals A to G, and apply the 
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calculations of (A+B)x(C+D)+E+F+G by addition and multiplication. For the 
terminals A to G, constant numbers or the cross-points indicated by 
diamond-shaped marks in the drawing may be designated. 

The operation of conversion from the read address (x, y) to the address (X, 
Y) by the above-described read address generator 3 is now explained. It is noted 
that the calculations shown in the equations (1-1) and (1-2) are carried out on the 
read address (x, y) as pre-processing by the matrix calculations, and that the 
address (r, 6) as converted to the polar coordinate system is entered to the read 
address generator 3. 

The ADAMX (Over) 31 multiplies the function fl(r), which is an output 
from the LUT 43 and which is an address R, with the function cos6, which is an 
output of the LUT 41, to execute (1-9), in order to calculate the address XO. This 
address is summed to cx to execute the equation (1-10) to calculate the address X 
of the OverSide. 

The ADAMY (Over) 33 multiplies the function f^r), which is an output 
from the LUT 43 and which is an address R, with the function sinG, which is an 
output of the LUT 42, to execute (1-9), in order to calculate the address Y0. This 
address is summed to cy to execute the equation (1-10) to calculate the address Y 
of the OverSide. 

Since R = f 2 (r) and 9=0, from the equation (1^1), output from the LUT 44, 
the coordinate converter 51 executes (1-9), on coordinate conversion, to find the 
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address (XO, YO) = (Rcos©, Rsin0). Rcos© and Rsin© are supplied to the 
ADAMX (Under) 32 and to the AD AMY (Under) 34, respectively. 

The ADAMX (Under) 32 sums cx to Rcos© to execute (1-10) to calculate 
the address X of the UnderSide. 

The AD AMY (Under) 34 sums cy to Rsin© to execute (1-10) to calculate 
the address X of the UnderSide. 

Meanwhile, in an area where the address (X, Y) of the OverSide as 
calculated is overlapped with the address (X, Y) of the UnderSide, the address (X, 
Y) of the OverSide is output. 

In this manner, the special picture effect device 1 uses the hardware, 
forming the read address generator 3, by a suitable combination, for converting the 
read address (x, y), entered to the read address generator 3, into the address (X, Y) 
usable for reading out a picture corresponding to the picture stored in the frame 
buffer 2 and which has been processed with the flipping effect. 
2. Tubular flipping effect 

The flipping effect is such a special effect in which a picture is flipped as if 
it is peeled off from the underground as from a point of rupturing the picture to 
cause the background picture to appear as it is read out from the frame buffer 4, as 
shown in Fig.3. 

If the picture subjected to the flipping effect, having the start point of the 
picture subjected to the tubular flipping effect (rupturing point) as a point of origin, 
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is as shown in Fig. 17a, the virtual cross-section is as shown in Fig.4b. The flipping 
effect is such an effect in which the picture is flipped to form a circle having a radis 
(fixRadius x picture height H) as a radius, in a virtual cross-sectional view, and in 
which, after getting to the height of the diameter of the circle, the picture is uplifted 
and flipped along the tangential line of the circle and along arrows A and B, as 
shown in Fig. 17b. The uplifted and flipped picture portion is the OverSide, with the 
unflipped picture portion being an UnderSide. The difference between the flipping 
effect and the tubular flipping effect is that the proceeding direction of the flipped 
picture portion is the tangential direction and the circumferential direction in the 
former and latter, respectively. 

The parameters used in the flipping effect are now explained with reference 
to Fig. 18. In the tubular flipping effect, the parameters showing the picture 
movement and the parameters for setting the light source and the color in 
illuminating the picture are used. First, the parameters pertinent to the picture 
movement are explained. The parameters used in causing movement of the picture 
are fixRadius, fixCenterX, fixCenterY and trans. The parameters fixCenterX and 
the fixCenterY are used in determining the coordinate axes of the picture. When 
both are zero, which is a default, the center of the picture is the point of origin, such 
that the picture is flipped from the point of origin. The parameter fixRadius in the 
tubular flipping effect determines the ratio of the radius of the circle. The maximum 
value of the radius of the circle, that is, the radius when fixRadius = 1, is the picture 
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height H. 

The parameter trans is a parameter containing the time element which 
accords the quantity of movement of a picture to be moved. If the parameter value 
is 0 or 1, the picture is not moved at all or disappears from the picture surface, 
respectively. 

Specifically, the parameter trans is defined so that trans = (number of 
frames that took place as from the starting frame of the processing)/ (total number 
of frames processed). For example, if it is desired to switch from the picture A to 

the picture B in e.g. a time of 30 frames, the values of trans = 0/30, 1/30, 2/30, , 

29/30, 30/30 are received sequentially to carry out the processing on the frame 
basis. 

The parameters used for setting the light source and the color in 
illuminating the picture are explained. The parameter fixLightAngle is used for 
setting the angle of incidence of the light source to the picture. A parameter 
fixDiffuseLightRatio is used for setting the intensity of the light source, a 
parameter fixReverseHighlight is used for setting the highlight quantity of the 
flipped picture, a parameter fixReverseSmoothness is used for setting the diffusion 
of reflection of the flipped picture, a fixMatteRatio is used for setting how much 
light is transmitted through the flipped picture, a parameter vMatteColor is used for 
setting the color of the flipped picture, and vLightColor is used for setting the color 
of the light source. 
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When the sequential read address (x, y) is set for the read address generator 
3, the address (X, Y) of the picture data, read out from the frame buffer 2, is found 
on conversion by the following process: 

First, using the equation (2-1): 

xO = x - cx 
yO = y - cy 

(2-1) 

the conversion for setting the picture flipping point as the point of origin is carried 
out to set the read address (x, y) to the address (xO, yO). 
Then, using the equation (2-2): 

r = V*0 2 + yO 2 
6 = arctanf — ] 

UoJ 

(2-2) 

the rectangular coordinate system is transformed into the polar coordinate system. 

This converts the address (xO, yO) to the address (r, 6), as shown in Fig.6. 

The address (r, 6) of the OverSide of the picture is then converted into the 
address (R, @), as shown in Fig.20, by the following equation (2-3): 

R = f,(r) 

e = a 

(2-3) 

while the address (r, 6) of the UnderSide of the picture is then converted into the 
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address (R, 0), as shown in Fig.20, by the following equation (2-4): 



R-f a (r) 

e = e 



(2-4). 



Meanwhile, the function fi(r) in the equation (2-3) and the function f 2 (r) in 
the equation (2-4) are represented by the equations (2-5): 



f,(r) = 



Max 

t r - radius * 
t, - radius x 



f 



n + arcsin 



> 



radius 



(0< r < t r - radius) 
(t r -radius <r < t r ) 



7t - arcsin 



^ radius ) ^ r ^ 



(2-5) 



where 

t r = trans* (radius + maximum value of the distance from the center to each apex 

point of the picture) 

radius = fixRadius* picture height 

and by the equations (2-6): 



(Max 
t r - radius * arcsin 



t t -r ^> 



radius j 



(0<r < t r - radius) 
(t r - radius < r < t r ) 
Mr) 



(2-6) 
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where 

t r = trans x (radius + maximum value of the distance from the center to each apex 
point of the picture) 

radius = fixRadius x picture height, respectively. 

In the equations (2-5) and (2-6), Max indicates that it is designating an 
address other than the picture that may be designated by the address (XO, YO). For 
example, if Max designates the address where there is stored a blue picture stored 
in the frame buffer 2, another picture may readily be synthesized to an area which 
has become the aforementioned Max, using the above picture as a key signal. 

In the tubular flipping effect, the picture flipped is as shown in Fig. 8, as 
described above. Thus, the functions fi(r) and f 2 (r) use respective different 
equations, depending on the range of r. As for t r , what has been said in connection 
with the flipping effect, and hence the explanation on t r is omitted for simplicity. 

The address (R, 0) obtained is then converted from the polar coordinate 
system to the address (XO, YO) of the rectangular system, using the equation (2-7): 

XO = R cos© 
YO = R sin© 

(2-7). 

In the rectangular coordinate system, the address (XO, YO) is an address in 
case the point of picture flipping is the point of origin. Thus, the address (X, Y) in 
case the picture flipping point has been moved to (cx, cy) is found, using the 
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equation (2-8): 

X = XO + cx 
Y = YO + cy 

(2-8). 

In this manner, the read address generator 3 converts the read address (x, y) 
to the read address (X, Y) of picture data stored in the frame buffer 2. 

The position where the shadow is cast in the tubular flipping effect is 
explained. Since the flipping effect is a special effect in which a picture is flipped 
and moved on the two-dimensional plane, the presence of a shadow created by an 
imaginary light source may further be taken into account to realize a more realistic 
flipping effect. 

If the angle of light incidence is 0 and the coordinate of an end of a shadow 
is r, the shadow is changed in the following manner with the degree of the picture 
flipping 0. Meanwhile, with 0 <0<7t, G = Vradius. 

(1) WithO<6S0 

There is no shadow cast, as shown in Fig.21. 

(2) With 2o <9< 2o 

A shadow is cast on a curved surface, as shown in Fig.22, and r shadow may 

be found using the equation (2-9): 

Ww = t r " radius * sin a 

= t r - radius * sin (2<p - d) 

(2-9). 
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(3) With 20 <0<tc +0 

A shadow of a curved surface portion is cast on a plane, as shown in Fig.23, 
and r sha dow may be found using the equation (2-10): 

i* , , = t + radius 

* shadow "T 

(2-10). 

(4) With n + 0<9 

A shadow of a planar surface is cast on a planar surface, with a constant 
shadow length, as shown in Fig. 24, and r shadow may be found using the equation 
(2-11): 

radius 

r u _ = t + 

A shadow v r ^ 

tan — 
2 

(2-11). 

Thus, if, in the tubular flipping effect, the position of the shadow is 
calculated, depending on the degree of flipping of the picture, it is possible to 
represent a more realistic flipping effect. 

The structure and the operation of the hardware of the read address 
generator 3 in case of executing the tubular flipping effect are the same as those in 
case of executing the flipping effect as described above with reference to Fig. 15 
and hence are not explained here specifically. 

In this manner, the special picture effect device 1 uses the hardware, 



l-cos<9 . ^ 

sin 6 

tan<p 
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forming the read address generator 3, by a suitable combination, for converting the 
read address (x, y), entered to the read address generator 3, into the address (X, Y) 
usable for reading out a picture corresponding to the picture stored in the frame 
buffer 2 and which has been processed with the flipping effect. 
3. Folding effect 

The folding effect is such a special effect in which a picture is folded with a 
preset folding width a preset number of times to cause the background picture to 
appear as it is read out from the frame buffer 4. It may be seen that the picture is 
folded in rectangular shape from the right side of the picture. In the folding effect, 
as in the flipping effect and in the tubular flipping effect, as described above, the 
picture to be folded (OverSide) and the background picture (UnderSide) need to be 
taken into account. 

Referring to Fig.26, the parameters used in the folding effect and supplied 
to the read address generator 3 are explained. A parameter IDivide is used for 
setting the number of times of the folding operations, with the default being 4. A 
parameter fixRotate indicates the amount of rotation of the coordinate axes, with 
the default being 0. A parameter fixMatteRatio is the transmittance indicating how 
much light is transmitted through the folding picture as it is displayed, with the 
default being 0. With the parameter fixMatteRatio equal to 0, the folded picture 
may be seen through completely. A parameter vMatteColor sets the color of the 
back surface of the folded picture. 
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A parameter trans is a parameter containing the time element which accords 
the quantity of movement of a picture to be rotated. If the parameter value is 0 or 1, 
the picture is not moved at all or disappears from the picture surface, respectively. 

Specifically, the parameter trans is defined so that trans = (number of 
frames that took place as from the starting frame of the processing)/ (total number 
of frames processed). For example, if it is desired to switch from the picture A to 

the picture B in e.g. a time of 30 frames, the values of trans = 0/30, 1/30, 2/30, , 

29/30, 30/30 are received sequentially to carry out the processing on the frame 
basis. 

If the sequential read address (x, y) is designated for the read address 
generator 3, the address (X, Y) of the picture address, read out from the frame 
buffer 2, is converted and found as now explained. 

First, in finding the address (X, Y), associated with the read address (x, y), 
the read address (x, y) is converted into the address (xO, yO), using the equation 
(3-1): 

x0 = x - cx 
yO = y - cy 

(3-D 

for converting the coordinate system of the picture data stored in the frame buffer 2 
to the coordinate system for calculations. 

Then, the address is rotated by o, using the equation (3-2): 
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xl = xOcos$p + yOsin#? 
yl = -xOsin<p+ yOcos<£> 

(3-2) 

for coordinate transformation, 

The address (xO, yO), rotated through 0, is converted to the address (xl, yl). 
Then, using the equations (3-3) and (3-4): 

Xl-f^xl) 
Yl = yl 

(3-3) 

Xl = f 2 (xl) 
Yl = yl 

(3^) 

the address when the picture has been folded is found. The equations (3-3) and 
(3^) indicate the address of the OverSide picture and the UnderSide Picture, 
respectively. 

The functions fi(xl), f2(xl) differ with the range of T as a fraction part of a 
product of the amount of movement trans and IDivide, while T is the range which 
defines the picture position for one folding event. 

Figs.27 and 28 show virtual cross-sectional views of the Over Slide picture 
and the Under Slide picture for 0 <T < 0.5. It is shown that, with T = 1.0 and T = 
0.5, the picture is folded once and to a one-half position, respectively. With 0 <T < 
0.5, the functions fi(xl), f2(xl) are as shown in the following equations (3-5) and 
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(3-6), respectively: 
1) 0<T<0.5 



f,(xl) = 



Max 
x'-2W - 
Max 



xl-x' 

COS 8 



(xl< x'-Wcos0) 

(x'-WcOS0< xl< X*) 

(x'< xl) 



(3-5) 



(xl<x'-W cos 0) 
(x'-Wcos0<xl< x') 
(x'< xl) 

(3-6) 
where 

_ maximum picture width after rotation 
EDivide 

x' = W x (number of times of folding - 1) 
9 = T xji 

T = fraction part of trans *IDi vide 

In Figs. 29 and 30, there are shown virtual cross-sectional views of the 
OverSide picture and the UnderSide picture for 0.5 <T<1.0. With 0.5 <T<1.0, the 
functions fi(xl) and f 2 (xl) are as shown in the equations (3-7) and (3-8), 
respectively. 
2) 0.5 <T< 1.0 



f 2 (xl) = 



Max 
xl-x' 



x'+- 
xl 



COS0 
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f,(xl) = 



Max 
xl-x' 

cosff 



<x'+- 

c 

[Max 



(xl < x') 

{x' <xl<x'-W cos d) 
(x'-Wcos0<xl) 



(3-7) 



, x fMax 
f " (xl) -{xl 



(xl < x') 
(x'< xl) 



(3-S) 



where 

maximum picture width a fter rotation 

W — 

EDivide 

x 9 = W x (number of times of folding - 1) 
9 =T *7i 

T = fraction part of trans *IDivide 

In the equations (3-5), (3-6), (3-7) and (3-8), Max indicates that it is 
designating an address other than the picture that may be designated by the address 
(XO, YO). For example, if Max designates the address where there is stored as blue 
picture stored in the frame buffer 2, another picture may readily be synthesized to 
an area which has become the aforementioned Max, using the above picture as a 
key signal. 

The address (XI, Yl) calculated is rotated by 0 in the opposite direction to 
that of the equation (3-2), for coordinate transformation, to find the address (XO, 
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YO), using the equation (3-9): 

XO = XI cos ^- Ylsin<p 
YO = Xlsin<p + Ylcos#> 

(3^). 

Moreover, since the center position of the address (XO, YO) has been moved, 

the address (X, Y) is found, using the equation (3-10): 

X = XO + cx 
Y = YO + cy 

(3-10). 

The hardware structure of the read address generator 3 in carrying out the 
flipping effect is now explained with reference to Fig. 31 . 

The read address generator 3 includes plural modules, such as an 
adder^nultiplier and a polar coordinate to rectangular coordinate converter, and 
executes the above calculations, based on the combination of these modules. 

In executing the flipping effect, LUTs (look-up tables) 41 to 44, an 
ADAMX (Over) 31, an ADAMX (Under) 32, an AD AMY (Over) 33 and an 
AD AMY (Under) 34 are used, as shown in Fig.31. 

The LUTs 41 to 44 are RAM (random access memory) tables, referred to by 
an address designated by cross-points indicated by diamond-shaped marks in the 
drawing. The data are set by a central processing unit (CPU), not shown. 

In executing the folding effect, the equations (3-2), (3-3), (3^4) and (3-9) 
are modified, using a variable t, as defined by t = (x0)cos9 + (yO)sincp, as indicated 
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in the following, in order to reduce the volume of calculations. 

The OverSide address (XO, YO) is modified by a variable t to XO = xO + 
(fj(t) -t)coscp, YO = yO + (f x (t) -t)sincp, while the UnderSide address (XO, YO) is 
modified to XO = xO + (f 2 (t) -t)coscp, YO = yO + (f 2 (t) -t)sinq>. 

Accordingly, (fi(t) -t)coscp, (fi(t) -t)sin(p, (f 2 (t) -t)cosq> and (f 2 (t) -t)sincp 
are set in the LUTs 41 to 44, respectively, by the CPU, not shown. 

The ADAMX (Over) 31, ADAMX (Under) 32, AD AMY (Over) 33 and the 
ADAMY (Under) 34 are each provided with terminals A to G, and apply the 
calculations of (A+B)*(C+D)+E+F+G by addition and multiplication. For the 
terminals A to G, constant numbers or the cross-points indicated by 
diamond-shaped marks in the drawing may be designated. 

The operation of conversion from the read address (x, y) to the address (X, 
Y) by the above-described read address generator 3 is now explained. It is noted 
that the calculations shown in the equation (3-1) are carried out on the read address 
(x, y) as pre-processing by the matrix calculations, and that the address (xO, yO) as 
converted is entered to the read address generator 3. For simplifying the equations 
(3-2), (3-3), (3-4) and (3-9), the variable defined by t = (xO)coscp + yOsincp is also an 
input value, as noted above. 

The ADAMX (Over) 31 sums xO to an output of the LUT 41, to which the 
variable t has been entered, to calculate the OverSide address XO, and also sums cx 
to the so calculated address to execute the equation (3-10) in order to calculate the 

41 



OverSide address X. 

The ADAMX (Under) 32 sums xO to an output of the LUT 43, to which the 
variable t has been entered, to calculate the UnderSide address X0 5 and also sums 
cx to the so calculated address to execute the equation (3-10) in order to calculate 
the UnderSide address X. 

The ADAMX (Over) 33 sums yO to an output of the LUT 42 5 to which the 
variable t has been entered, to calculate the OverSide address YO, and also sums cy 
to the so calculated address to execute the equation (3-10) in order to calculate the 
OverSide address Y. 

The ADAMX (Under) 34 sums xO to an output of the LUT 44, to which the 
variable t has been entered, to calculate the UnderSide address YO, and also sums 
cy to the so calculated address to execute the equation (3-10) in order to calculate 
the UnderSide address Y. 

In this manner, the special picture effect device 1 uses the hardware, 
forming the read address generator 3, by a suitable combination, for converting the 
read address (x, y), entered to the read address generator 3, into the address (X, Y), 
usable for reading out a picture corresponding to the picture which is stored in the 
frame buffer 2 and which has been processed with the flipping effect. 

As for an area where the address (X, Y) of the OverSide and the address of 
the UnderSide, as calculated, overlap with each other, the address (X, Y) of the 
OverSide is to be output. 
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